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ABSTRACT 

Radio wave absorption data covering almost tvo years from Europe to Central 
Asia are presented* They are normalised by relating them to a reference 
absorption* Every day these nornalised data are fitted to a mathematical 
function of geographical location in order to obtain a daily synopsis of radio 
vavc absorption* A film of these absorption charts was made which is intended 
to reveal covRsents of absorption or absorption anomaly. In addition, radiance 
(temperature) data from the lower D-region arc also plotted onto these charts* 

Ko conclusions are drawn; the new procedure to evaluate absorption data is at 
the present stage of processing "*•* merely intended to stimulate discussion ond 
interest • 

INTRODUCTION 

Radio wave absorption in the IIF range occurs predominantly in the iono- 
sphere's D-region, i.e, at heights »»here absorption L is proportional to both 
electron »^ensity and collision frequency v* Since v is very well predictable 
via atmospheric pressure (cf, c.g* FRIEDRIQl and TORKAR, 1983) it is the 
electron density which determines the day-to-day variations of L* At high 
latitudes all changes of N^, are attributable to variations of the ionising 
fluxes i.e* of charged particles; at low or middle latitudes, however, the 
fluxes responsible for the formation of the daytime D-region (solar Lyman-a , 
X-rays, etc*) do not vary drastically, not even in the course of a sunspot 
cycle. The observed day-to-day variations in (mid-latitude) radio wave 
absorption by factors of 2 to 3, notably in winter (winter xinotnaly), are there- 
fore generally attributed to changes in the concentration of nitric oxide (NO), 
the only component of the middle atmosphere (mesosphere) which can be ionised by 
the relatively strong solar H Lytnan-a line* The following analysis is plausible 
if one assumes that changes in the NO-concentration arc the principal cause for 
changes of absorption* 

DATA BASE AND NORMALISATION 

There have been numerous attempts to study the morphology of winter 
anomalous absorption (c.g. BEYNOH and WILLIAMS, 1976), in recent tines notably 
by SATO (1981) who used fmin dat,; from stations in Europe, the USSR and North 
America* The aim was to find a connection to geomagnetic activity, but the 
analysis is severely hanpered by the relatively coarse classification of 

In the present treatment we use absorption, i.e, loss of signal strength 
relative to absorption-free reflection* Both the methods Al (vertical 
incidence) and A3 (oblique incidence, i.e. reception of a distant transmitter) 
are used. Table 1 gives the acronyms of the various data sets, path lengths. 
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M and AB which uae the aanc traneoitter but different receivers (distance o 
e path mid-points ca. 120 km). Hence the observed ra:.id variations must b( 
considered to be of ionospheric origin and not — as one might be tempted to 
believe poorly maintained equipment or local interference, 

lengths, frequencies and the type of mcasurenent 

sets ^hornf».«r“, noon-absorption etc.) the various dat. 

sets show necessarily different seasonal trends and variabilitiea. lienee th« 
obsen-cd absorptions at various locations cay be covered up by the above 

which°in i effects. Therefore a procedure was sought by 

Which in a first approximation these differences can be eliminated. 

tonscqucntly a reference absorption for each data set and each month was cal- 
culated. For this purpose electron densities were computed for the 
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not used in the further andlysls* possibly ground wave propagation 
not used In the further analysis 

sionltors the 31 and 49 n broadcast bandi appr, linearly related to Rofne-Athens on 6.080 Ml*) 

(I LIAS and GCPTA, 19 79) 

except March 32 to June 30, 1976 » cos,^ • 0.2 
except December 1975 to February 1976» Iq 
applies to Romo-Athens 


frequencies and (path nid*point) coordinates* Subject to the availability of 
the raw data, daily integrated absorption (L^,, cf. ROSE and WIDDEL, 1977), was 
used, otherwise values at noon or sone constant solar zenith angle were 
employed. Figure 1 shows the daily values of all stations from October 1974 to 
June 1976. 

The lowest curve is the sunspot number, whereas the uppermost curve 
represents the average daily riometcr absorption at Narscarssuaq (Greenland). 

The latter is included as a measure of particle influx into the auroral zone, 
since a connection of charged particle fluxes and mid-'lati tude absorption has 
often been sought (e.g. KAEHLUH, 1967; TORKAR et al., I960). However, only the 
northernmost data (JR) of February and October 1975 possibly show sene direct 
influence of particles. On the other hand, even the relatively large sunspot 
numbers in August 1975 do not show up as enhanced absorption in any of the data. 
In most data one can clearly observe the larger absorption in winter, however, 
all show a larger variability in winter. Of special interest are the data acts 
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correspond ing conditions of each station (noon, cosx " 0*2 or at four typical 
solar renith angles x with equal time-spacing for Lj^) using the ion-chemical 
model for low solar activity described elsewhere in detail (TORKAR and FRIEDRICH 
1983), In this steady-state computation the neutral atmosphere, including the 
minor species, is taken from other published models, in particular [NO] from 
RUCai et al. (1981), Absorption was then computed by a VKB ray-tracing calcul- 
ation over a spherical Earth, The full SEN and WYLLER (1960) magnetoionic 
formulae were employed, the magnetic field taken from CAIN ct al. (1967) and the 
collision frequency set proportional to pressure from the AFGL seasonal 
atmospheric model (COLE and KAliTOR, 1978), The proportionality factor of 
6,7x10^ is the one recommended by FRIEDRICH and TORKAR (1983) based 

on a number of rocket measuronents of v. The reference absorption thus 
obtained is indicated in Figure 1 as rmooth lines. Outside winter one can see 
reasonably good agreement for the data KN, NL, CC, Tl, AA and AB. Tl>ere is 
notably an excess of the simulated absorption of UK. This nay be due to ground 
wave propagation at the fairly low frequency (1.178 KHz) of the path which is 
mainly over sea water. Another feature of the simulated absorption is, that at 
higher latitudes in summer the observed absorption ([NO)) is consistently higher 
than in the model (JR, KN, NL, DB, LP and also PS), 

For further evaluation the daily absorption values were divided by the 
corresponding reference absorption. This new quantity (absorption enhancement 
AE) removes the different sensitivity of the various measurements provided the 
geometry of the ray (penetration into the ionosphere) is the same, 

AE should, therefore, be proportional to an electron density ratio or the 
square of the ratio of ion production rates; if one assuaes that NO and Lyman-a 
is the dominant production process of the absorbing D-region, AE is equal to 
(lK0]/(N0lj.^f )^. 

Before combining all absorption measurements, normalized via AE in the 
above manner, it was tested to what extent the various data sets measure the 
same physical phenomenon. Figure 2 shows relative contributions of the various 
layers of height h to the total absorption of some of the stations using the 
reference ionosphere (summer), where lj*(h) is defined as: 


1 

r 


l{h) 1(h) . dB/km. -1 

JulO dh ■ L ’ dB • 


One can see that the height regions contributing to absorption differ greatly 
from station to station. For want of core uniform data, all absorption measure- 
ments were nevertheless treated as if they represented the same height regions. 
Hence an absorption “drift'' from c.g. JR to AS could just as well mean a down- 
ward motion of enhanced electron (or NO) density at both stations, 

CONSTRUCTION OF ABSORPTION PATTERNS 

The normalized data (absorption enhancement AE) still include variations 
due to very local effects. Instead of constructing AE-patterns by interpolation 
between the individual neaourenents , all AE-values were fitted by analytical 
functions. The number of locations, or — more importantly — the number of 
simultaneously av<ailable measurements, restricts tbc order of the analytical 
eicprcssion which can be fitted to the data. The simplest fern is a plane in 
general position requiring only three, preferably evenly spaced, points. A 
somewhat higher level of complexity — a circular paraboloid — was chosen which 
is determined by four pararactere, namely location and value of the maximum, and 
the curvature. This form is employed at the present stage of tne an^lysi6; 
higher orders have been tested, but found to lead to unrealistic excursions. In 
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Figure 2. Relative absorption contributions of 
different heights of socie stations together with 
the average absorption profile of all data sets 
(summer) • 


an attempt to account for the different height coverages (cf. Figure 2) weights 
w were given to the different data sets according to: 

V - l^/T dh/T^dh 

Here 1 is the average specific absorption of all neasureraents divided by the 
average integral absorption. Its height variation is also shown in Figure 2* 
Table 1 contains these weights for January and July, but for the further 
computation these weights were also established for all other months. 


Furthermore contained in this table is the mean height of the absorption 
derived from the same model computations. Those data which are based on 
Lp 1“ + n)l were given additional daily weights according to the quality 

of the fit L - Lo(cosx)‘^ which' led to the establishment of and n. For every 
day four parameters were determined by fitting a paraboloid to all log(AE)- 
data by a least-mean-square procedure. In the film contours of absorption 
enhancement of 0.8, 1.0, 1.3, 1.6 etc. are shown. In order to avoid too rapid 
fluctuations of the absorption (AE-)patterns, running means of the four para- 
meters are used, i.e. 50Z of the day in question and 25X each of the previous 
and following days. 


The curves are fitted to the data in geographic Cartesian coordinates and 
the contours of constant absorption enhancement then transformed to the 
onlv^'thosr S3 1 e 1 li t c t^ po ra tur e data arc available. In the film 

1 provided data on the day in question arc indicated by 

small circles. Figure 3 shows two examples where however, all possible station 
acronyms. From October 1975 on radiance (temperature) 
P^^essure Modulator Radiometer) of the University of Oxford 
aboard the satellite NH-fflUS-b arc available. The weighting function of the 
highest channel 3000 peaks somewhere just below 80 km. The temperatures at tha 
height are surely not decisive for enhanced electron densities (electron loss 
rates), but may be an indication of an unstable atmosphere, turbulence and — i 
consequence — of transport of NO into the D-region. 





Figure 3. Examples of absorption patterns obtained 
by fitting an analytical function to the AE values 
and nesospheric temperatures, (a) typical sunmicr, 
May 24, 1976, (b) winter anomalous day January 8, 
1976, r**2 is the quality of the fit and n the 

number of available data for the day* 


CONCLUSIONS AND IKPROVDtENTS 

The quality of the presently available raw data docs not permit to draw 
final conclusions concerning the magnitude or the motions of absorption* More 
careful screening of the absorption data is envisaged, but also the reference 
absorption model, which mainly hinges on the adapted [NO]-model, nay have to be 
revised. For the derivation of velocities of absorption patterns it may perhaps 
suffice to use the running mean as a reference, thereby avoiding errors intro~ 
du:ed by an unrepresentative reference absorption. 
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